H. ELTRINGHAM, M.A., D.Sc., F.Z.S. 


On the Histology of the Scent- 
organs in the Genus Hydrop- 
tila, Dal. 


[From the TRANSACTIONS OF THE ENTOMOLOGICAL SOCIETY OF s DER: 
3 January 15, 1920.] 


. rein.org.pl 


PEL + > |DI MDC; Tenge (he Oe 7 "au UM baa 


ps ey Agi ou 
"le MNA EIA. RE » vv 0. ffe awe oe d 


ns Tie af if bier m m 
| DI ETE wc ap aa sis «M xdi. o y » » dn P. 


f VS HE emiten ù » m una 
AEN EA me ett me 
ni ne res f ] j Iy 
AET ES META day d in itd 
i " = PUR TET b tw nis 
Tea sd At Más, i t? 
JE CRT TET CLP oer RATTE REIN ie 
lub ke OR Quadr: ETT ^ (ipe. T dial AM. fu ds n" E 
puram vtr adr on "n hine DE TOM TE cit a a ODIT 2) 
Sy dida Vit plied HA y AP 3 S n "m ist gb nese e». juni 
4 E ' bas Shad x y" Bl M osáh 5 1 JA Ab a) it iN nui" PF ALOE 


a cung do. amo M itm noii PARU da aati dnc 
Sa^ chr oni ee aite Ys endis AD suba lo 
danke iia PES bored 3 503 rh did Wi aM "M 
Chuang tan Hoods to oce diesel, ar denk d 
bata atte: heals ated aaa se trees LA hd 
BE oa Pty at edipi Dolo 10 hp pa ace od, vo pi Rs OF 
Td AE minik 3d; rra diodes - duc ape 
e. i Ds suf pd ME Dr 2 ini shat gb PM acp 


iie ences yp aee s | 
d Uus i, piperis. rad Miren : N 


Lá (OD cr. $ 
Wrong a Corn ter 
Suec ihe Mgr n moo ioi Poe Rd oA PRA 
c1 Vago. Sabi cet iD sii ecc Vicit 


HI I RUE VU baie dieu! aet 


"s ahd Berea na Mo bobo As vers] WER DO 8. 
pw coudre? dir aang, ty He ie drop Fargo 
ME. VM ty, Woo si na, pof orae ems dte mdi M 
i a PA e rare Pacta ox note dl sonda, sory! : JA 
Dome SAP qu sto Mk alba A DN 
y diente Sala abo, d justice ss 
Sia the 409 ddr a 
i: nes tli. ie salée dug oss aii utt 7 N 
= | nlii ile i aaa s 
RR OU UNIONE CET "n 
dio ue tide Oc 629% l "^u 
a Bee" d "RE 


A A = mme M 
Pr : T M 
, DM AR 
7 d / 


» FL ) 
" f 57 Ms e m UM Pre We Y / MIO woes n » 
2 FS) ER ecc WW rcin.or 4 | ' » A a A E N, j 
us i des! A Ll P P H Po Br, ` g (^w hd X 


>. . Yto9.. XV. On the Histology of the Scent-organs in the Genus 
Hydroptila, Dal. By H. ErrRINGHAM, M.A., 
D.Sc., F.Z.S. 


[Read November 5th, 1919.] 


PLATE XXII. 


My friend Mr. Martin E. Mosely has made a discovery of 
the first importance, which should prove of the greatest 
interest to entomologists. In a paper read before this 
Society on October 15th (p. 393), he described the external 
features of certain organs in the heads of various species 
of the Trichopterid genus Hydroptila. 

Mistrusting his own skill as a microtomist with a lack 
of faith which, judging from some of his excellent prepara- 
tions, I regard as unfounded, he has done me the honour 
to hand over to me a supply of material for the investiga- 
tion of the minute structure of these organs. Just as 
Science generally is indebted to him for his discovery, I 
am personally under an obligation to him for enabling 
me to carry out an examination of unusual interest and 
fascination. 

Some time ago I described and illustrated the scent- 
organs in certain male Danaine butterflies (Trans. Ent. 
Soc., 1913, p. 399; 1914, p. 152). 

It will be remembered that these included certain 
eversible brushes located in the extremity of the abdomen. 
These brushes were formed of hairs of varying structure 
set on the inner surface of an eversible membranous bag, 
so that when the latter was everted, doubtless by fluid 
pressure, the hairs projected from its now outer surface. 
In some cases the scent material was obtained from glands 
in the wings, whilst in others the brushes themselves 
exhibited a glandular structure. 

We know from the work of Dr. F. A. Dixey and others 
that certain special scales on the wings of butterflies act 
asscent-organs. In all these cases the scent- scales, brushes, 
glands, eto., are of comparatively considerable size, and 
occur on insects which, even in the case of Lycaenids, are 
large compared with Hi ydroptila. These little creatures 
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are themselves no larger than the brush of a Danaine 
butterfly, yet, as Mr. Mosely has shown, they possess ever- 
sible brushes, scent-scales, expanding membranes and 
tubercles, of a high degree of complication. Moreover, 
the organs in question are not located in the abdominal 
extremity, but in the back of the head. 

It is a most interesting case of what may be termed 
the independent development of practically homologous 
structures in insects of different orders, since, however 
nearly related the Lepidoptera and Trichoptera may be, it 
cannot be urged that these scent-organs in the two orders 
had a common origin. 


On Descriptive Terms. 


Before describing the organs it may be well to define 
the terms applied to some of the structural details. 

It has been suggested to me on more than one occasion 
that the term hair should be confined to mammalian hairs, 
and that insect hairs should be known by some other 
word. I referred to this matter in a note to my paper on 
the Danaine scent-organs (l.c.), and I am still unable to 
see the necessity for any alteration in terms. 

The Oxford Dictionary defines a hair as “ One of the 
cylindrical filaments that grow from the skin or integument 
of animals, especially of most mammals . . . ; applied also 
to similar looking filamentous outgrowths from the bodies 
of insects and other invertebrates, although these are 
generally of different structure." 

Similarly, we speak of the scales on the wings of Lepi- 
doptera and on other insects, without in any way implying 
that they are of the same nature as the homonymous 
structures in fish. 

There is a greater difficulty which would not be removed 
by the invention of another word for insect hairs, namely, 
that of deciding the precise point at which an insect hair 
becomes an insect scale. Under a low power a Trichop- 
terous insect such as Hydroptila may be regarded as 
covered with hairs on wings and body, but on examination 
with a higher magnification it is seen that the structures 
in question would be better described as elongated scales. 
Furthermore, we have in insects certain growths known as 
scent-scales or androconia. It is an unsatisfactory term, 
but as its signification is generally understood we may 
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retain it for the present. Is this term to be applied to 
any modification of insect scales or hairs characteristic 
of the male insect, or is it to be confined to those structures 
that have a direct connection with glandular tissue of 
a sexual character? If the former, the word becomes 
almost too vague to be useful, if the latter, then the brush 
hairs in Hestia are androconia, whilst those in D. chrysippus 
are not, and so before we can use the term at all, we must 
have a knowledge of the histology and perhaps even of the 
embryology of the structures to which we refer. 

It would seem, then, that if we aim at greater precision 
in terms we merely arrive at the position of a person who 
cannot describe a landscape because he has not measured 
the elevations to see whether they are hills or mountains, 
and fears to mention a wood till he has identified the 
species of trees it contains. 

In describing the organs in these small Trichoptera I 
propose, then, to use the word hairs when referring to the 
long, fine bristles which form brushes similar in form to the 
brushes described in the Danainae. In several species 
there are structures which, though of varying form, resemble 
more or less closely the scent-scales already known to occur 
in many Lepidoptera. Though the word is unsatisfactory 
I shall refer to them as androconia, for the reason already 
stated. 

Finally, there are the elongated scales or hairs found so 
plentifully on the wings and body. As the order is known 
as “ hairy winged ” as distinguished from “scale winged ”’ 
we will call them the cuticle hairs. 

The organs to be described are, of course, only found in 
the male sex. 


Descriptive. ` 


Hydroptila sparsa Curtis. 


Four eversible tubercles arise from a membrane lying 
across the back of the head, such tissue forming the lightest 
preve protection for the brain situated immediately 

eneath it. Towards the upper and anterior edge of this 
membrane there is on its underside a layer of moderately 
large cells which may be merely hypodermal, but probably 
also have a glandular function. Arising from this mem- 
brane on its upper portion and on either side of the centre 
line is found a small tuft of very remarkable androconia 
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(Plate XXII, figs. 1 and 2). They are pyriform with long 
delicate stalks, and the outer expanded portion is clothed 
with filaments apparently similar to those in the scent- 
scales of certain Pierine butterflies. Apart from their 
shape and position they possess a feature which I have been 
unable to find in any other species examined. Each has 
beneath its socket a large, granular, heavily nucleated cell, 
distinguishable by its size and structure from the other 
cells of the layer in which it lies. There are some twelve 
of these androconia on each side of the centre line. There 
is no trace of hairs or brushes. Structures somewhat 
resembling the “‘ brush bags ” in other species are present, 
but without hairs. These are the four eversible tubercles 
already referred to. There are two of these on each side, 
and when fully expanded they extend to a considerable 
length, as may be seen on reference to Mr. Mosely’s photo- 
graphs. The material of these tubercles is an extremely 
delicate chitin, not of the same nature throughout its 
entire Jength, since the proximal portion takes a different 
stain from that of the remainder. 

A section through the partly everted tubercle (fig. 3) 
shows a few scattered cells on the inner side. These are 
probably hypodermal cells which have been displaced in 
the process of preparation. The whole tissue of the tubercle 
when not fully extended is thrown into a multiplicity of 
interlocking folds. When retracted it is inverted and not 
merely collapsed, and this remark applies to those eversible 
tubercles in other species, which are lined with hairs and 
form brush bags. A similar inversion takes place in the 
brush bags of the Danaine butterflies, but it can there be 
accounted for by the presence of a muscle attached to the 
apex of the bag, and acting as a retractor when the fluid 
pressure is released. It is a remarkable fact that no such 
muscle can be found in any of the species of Hydroptila. 
This is not due to any fault of the preparation. Muscle 
tissue is amongst the easiest of all to recognise in insect 
sections, and in my preparations other tiny muscles inside 
the head are easily observable. 

So far I am unable to account for the inversion of the 
retracted tubercle, unless it is to be explained by some 
complicated condition of a variable coefficient of elasticity 
in different parts of the membrane. The fact of its differen- 
tial staining already alluded to does not help us, as this 
occurs only in the present species. 
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The lobes which cover the eversible tubercles when 
retracted are somewhat of the shape and appearance of 
half an almond shell, but much thickened towards the base. 
Owing to the peculiar angle of view in fig. 1 their shape 
is not well shown. On the outer surface of the lobes the 
chitin is perforated by a multiplieity of openings, and in 
ordinary preserved material some of these perforations emit 
cuticle hairs of considerable length, whose stalks are deeply 
embedded in the hypodermal epithelium within. This 
epithelium may possibly be glandular, since it presents an 
active appearance (fig. 5). Mr. Mosely informs me that the 
lobes in this and some other species are densely covered 
with these cuticle hairs when the specimen is in fresh 
condition, but that they become detached with great 
facility, so that the lobes, even in life, are often found 
practically naked. We may therefore assume that in fresh 
examples each perforation carries a cuticle hair. We may 
further venture to speculate as to whether when detached 
they may not conceivably act in a manner analogous to 
that of the “ dust particles " which are so marked a feature 
in some of the butterflies already referred to, and of which 
the use has, since their discovery, been actually observed 
and recorded by Carpenter (Proc. Ent. Soc., 1914, p. cxi). 

Plate XXII, fig. 1 shows the head of this species with the 
lobes turned back and the tubercles in a condition of partial 
eversion. Fig. 2 shows two of the androconia with their 
special cells. Fig. 3 a highly magnified view of one of the 
tubercles partly everted. Fig. 4 a section through one of 
the lobes. Fig. 5 part of the same more highly magnified 
to show the cells lining the outer cuticle. Fig. 6 a vertical 
longitudinal section through the head and one of the 
tubercles incompletely everted. 


H. simulans Mosely. 


Each lobe in this species may be said to resemble ex- 
ternally half an acorn. The basal portion is thick and 
well rounded, and shows the same perforate structure as 
in H.sparsa. The upper partis smooth and rounded and of 
a somewhat darker colour, whilst the apical part is thin, 
flat, and subtriangular. On its inner surface each lobe 
has a deep oval concavity forming a receptacle for the 
retracted brush. No sign of androconia has been detected 
in this species, but the surface of the concavity of the lobe 
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has a peculiar structure as though formed of minute 
chitinous plates, giving it somewhat the appearance of a 
tessellated pavement. The thicker basal portion of the 
lobe shows in section a lining of hypodermal cells probably 
of a glandular nature. Beneath the lobes and directed 
upwards and centrally are two brushes formed of a mass 
of golden yellow hairs arising from small sockets in the 
lining of a brush bag, the whole presenting an arrangement 
and appearance closely resembling that in many Danaine 
butterflies. A section through the head in the plane of 
the long axes of the two brushes is shown at fig. 8. From 
this it will be seen that the hairs arise over nearly the whole 
length of the bag, and hence when the latter is everted the 
appearance is somewhat that of a test-tube brush or pipe 
cleaner. The hairs are slightly thickened towards their 
distal extremities. In the substance of the bag are two 
distinct layers, the inner one being thin chitin thrown 
into a multiplicity of folds and bearing the sockets of the 
hairs. These sockets are of peculiar formation, and 
resemble the structures known to botanists as bracts. 

Outside this membranous layer is a glandular epithelium 
consisting of granulated and heavily nucleated cells shown 
in fig. 10. 

- The hairs themselves are not smooth, but have an 
elaborate structure which I have endeavoured to represent 
in fig. 9. There are whorls of laminate projections having 
irregularly curved distal margins. Also the projections 
are not continuous round the hair, but the rings are inter- 
cepted at irregular intervals by more or less vertical fissures. 
The elaborate structure of the minute brush hairs in this 
and other species is one of the most notable features of the 
scent-organs. 

The general arrangement in H. simulans seems to be 
analogous to that in the butterflies T'repsichrois mulciber 
and Hestia lynceus, in which the brush hairs themselves 
are the direct vehicles of a secretion produced by glands at 
the bases of their sockets. Fig. 7 is a view of the head 
with the lobes closed. 


H. foreipata Eaton. 


In this species the lobes are very small as is the whole 
area of the scent-organs. Fig. 15 is a view of the posterior 
surface of the head with the lobes turned back. Here we 


rcin.org.pl 


426 Dr. H. Eltringham on the 


‘find a new modification in the fact that the lobes are pro- 
vided on their inner surface with a membrane which can 
be distended, probably by fluid pressure. On this mem- 
brane are a few androconia of not quite circular section, 
having long stalks and a very deeply ribbed surface. The 
androconia are probably porous or very absorbent, as they 
stain rapidly and intensely. The outer surface of the lobe 
is covered with extremely minute black setae having 
widened bases, like rose thorns. A section through the 
lobe, fig. 19, shows that the extensible membrane contains 
at its base a mass of granular, heavily nucleated cells which 
doubtless furnish a volatile secretion. The androconia are 
not provided in this species with special cells at the bases 
of their sockets. Indeed, this is a condition I have found 
only in those of H. sparsa. Fig. 16 shows a highly magnified 
view of the inner face of one of the lobes. The lobe itself 
is seen to the left, whilst the membrane extends all over 
it and some distance to the right. The androconia lie on, 
and arise from, the membrane in an irregular fashion. 
The small bunch of hairs here shown does not in reality 
arise from the membrane of the lobe, but from that on the 
back of the head between and beneath the lobes, though in 
this dissection they have come away with the lobe itself. 
They take the form of a mere tuft of bristles, and though 
the membrane from which they arise may be slightly 
extensible there is no eversible bag. The hairs are of the 
complicated structure shown in fig. 17 and in transverse 
section at fig. 18. There is a very slight development of 
glandular epithelium at the origin of these hairs. They 
have a very thin cuticle, and in section show a very large 
lumen. 


H. maclachlani Klap. 


The structure in this species bears a close general re- 
semblance to thatin H. forcipata. The lobes are smaller and 
very inconspicuous, but their extensible membranes seem 
to be more highly developed. Fig. 23 shows a section 
through one of the lobes and the neighbouring structures. 
The membrane has a dense mass of glandular tissue at its 
base, and bears a number of androconia, one of which is 
represented at fig. 20. These are very deeply ribbed and 
circular in section. On one lobe I have mounted there are 
twenty-one, and on another eighteen. The little pencil of 


rcin.org.pl 


Histology of the Scent-organs in the Genus Hydroptila. 427 


hairs is as in H. forcipata, but the hairs themselves appear to 
be longitudinally striated and without the dentate structure 
found in that species. 


H. femoralis Eaton. 


In this species the lobes, while distinctive in shape, 
resemble somewhat those of H. simuluns, their perforate 
portion thickly clothed with cuticle hairs and containing 
a layer of epithelial cells into which the stalks of these 
cuticle hairs project. Attached to the inner face of the 
lobe there are numerous heavily ribbed androconia, the 
stalks of which pass through the chitin and communicate 
with an epithelial layer beneath. These androconia stain 
very deeply, have an oval section, and a small central 
lumen. The lobes cover two large eversible brushes 
provided with black hairs, the latter being considerably 
expanded at their distal extremities. 

The brush bag appears to have much less glandular 
development than in H. simulans. The hairs are quite char- 
acteristic in structure, being very thick walled and covered 
on the outer surface with whorls of regularly arranged 
projections. Figs. 22 and 24. In many of the transverse 
sections of these hairs there is a slight staining of the 
central lumen indicating the presence of some structureless 
material in that position, probably a coagulated secretion. 

Fig. 25 shows a section through the entire head of this 
species. At the lower side of the figure may be seen the 
lobes with part of the cellular material they contain, 
and their perforate external surface. Within the inner 
boundary are a few of the androconia cut across and 
portions of the brushes cut obliquely. Fig. 21 is a view 
of the entire head with brushes partly everted. 


H. occulta Eaton, 


The organs in this species are more remarkable than in 
any of the others examined. The lobes are narrow and 
somewhat conical. They bear on the inner surface a mem- 
brane, which towards the upper extremity contains a deep 
tubular pocket lined with long androconia. This pocket 
forms in fact a miniature eversible brush bag and can be 
extended so as to form a small secondary brush, the andro- 
conia then radiating from its surface. Besides this structure 
there are a few small androconia near the apex of the inner 
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surface of the lobe, and arising from a point near the base 
is a third mass of androconia still more elongated than those 
already referred to. Sections of the lobe show that this 
second mass of androconia also lies in a small pocket and 
can presumably be everted. Both androconia pencils are 
surrounded by glandular tissue. Text fig. 2 shows a 
section through part of a lobe. At this plane the section 
shows chitin on the inner surface of the lobe. Apparently 
the eversible membrane as a whole only covers a part of 
the surface. | 

Lying beneath the lobes and arising from a membrane on 


Fic. 1.—Hydroptila occulta. Head with scent-organs everted. 
sb. Secondary brush. s. Androconia. 1. Lobe. sc. Patch of elongated 
androconia. mb. Main brush. ss. Small androconia. 
(Width across eyes "64 mm.) 


the back of the head are two small eversible brushes with 
yellow hairs resembling those in H. simulans, but their 
sockets are more concentrated towards the bottom of the bag. 
The hairs themselves appear to have a structure somewhat 
similar to that in H. forcipata. There are also two small 
tufts of androconia arising from the membrane between the 
main brushes and on either side of the centre line. The 
general arrangement of the head with expanded organs 
1s shown in text fig. 1, herewith. Fig. 11 shows one of the 
brushes dissected out. Fig. 13 a view of the lobe, the 
secondary brush being in a retracted condition. Fig. 14 
represents one of the androconia from the secondary brush. 
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It is hoped that in the course of time other species than 
those so far examined will be available. Mr. Mosely has 
in his collection two examples of H. pulchricornis Pict., 
but beyond the fact that this species has black brushes 
resembling those in H. femoralis he has not been able to 
examine them more critically. There are other British 
species and several not so far found in Britain, and doubtless 
many new forms still undiscovered. But few collectors 
are interested in these small and inconspicuous insects. 
Now that Mr. Mosely’s discovery has revealed their curious 


Fra. 2.—Hydroptila occulta. Section of lobe. 


5C,. Androconia of second tuft. m, Membrane of ditto. rt. Reticu- 
lated tissue. sc. Androconia of secondary brush. m. Membrane 
of ditto brush bag. gs. Glandularsubstance. h. Hairs of primary 
brush. (Length of section ‘072 mm.) 


and interesting features collectors will have a new in- 
centive to secure examples. 

In case this paper should be read by any one having 
facilities for securing further material, it should be noted 
that dry specimens are useless for observation. They 
should be dropped alive into a strong solution of bichloride 
of mercury in distilled water, to which has been added 
about half its bulk of 96 per cent. alcohol, and about 1 per 
cent. of acetic acid. After a few hours in this they should 
be transferred to clean 96 per cent. alcohol. 

On the page facing the plate I have given the actual 
sizes of the various parts figured. A certain combination 
of objective and eyepiece may give a definite magnification, 
but when a figure has been drawn therefrom the size of the 
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figure may not really represent the true magnification, but 
a mere expansion of the view obtained with the objective 
used. A photograph of a section measuring two inches 
across may represent a magnification of a hundred dia- 
meters, but the same photograph projected on a six-foot 
screen is not a magnification of three thousand six hundred 
diameters, but merely an enlarged view of what can be 
seen in the original photograph. 

I have already expressed my thanks to Mr. Mosely for 
having supplied the material for this investigation, and I 
would add that he has further assisted by visiting Oxford 
on several occasions to compare the results with his previous 
knowledge of the species. 


EXPLANATION OF PLATE XXII. 
[See Explanation facing the PLATE.] 
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. Hydroptila sparsa. Head viewed from above showing four 


eversible tubercles partly expanded. Width across eyes 
:6 mm. 


. Two of the androconia with their sockets and glands. 


Length from bottom of socket to apex of scale -03 mm. 


. Enlarged view of one of the tubercles partly expanded. 


Width in narrowest part -015 mm. 


. Section through one of the lobes. Length -15 mm. 
. Part of ditto (not necessarily the same section) showing 


epithelium and parts of cuticle hairs. Greatest width 
:03 mm. 


. Section through head showing one of the tubercles partly 


everted. Length of tubercle -18 mm. 


. Hydroptila simulans. Head with lobes closed. Width 


across eyes 77 mm. 


. Section through same in plane of brushes. Width across 


eyes ‘6 mm. 


. Part of one of the brush hairs showing structure. Greatest 


width -003 mm. 


. Enlarged view of brush bag showing hair sockets and 


epithelium. Greatest thickness -015 mm. 


. Hydroptila occulta. Part of a brush. Length of hairs 


:22 mm. 


. A small androconium from lobe of same. Length -015 mm. 
. View of inner surface of lobe of same with secondary brush 


retracted, scent-scales, etc. Greatest length -15 mm. 


. One of the scales of the secondary brush. Length -06 mm. 
. Hydroptila forcipata. Back view of head with expanded 


lobe membranes and hair tufts. Width across eyes 
:58 mm. 


. One of the lobes viewed from inner side. Length -176 mm. 
. Part of one of the hairs. Diameter of main stalk -003 mm. 
. Transverse section of same. Diameter over projections 


-005 mm. 


. Section through one of the lobes showing gland cells at 


base. Length from end of membrane to upper corner 
of lobe :09 mm, 
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Fra. 20. 


25. 
26. 


Explanation of Plate. 


Hydroptila maclachlani. A scent-scale from lobe. Length 
-015 mm. 


. Hydroptila femoralis. Head with brushes partly expanded. 


Width across eyes -473 mm. 


. Part of a brush hair. Width across points -003 mm. 
. Hydroptila maclachlani. Section through lobe, ete., show- 


ing glandular base. Length from point of membrane to 
point of lobe -105 mm. 


. Hydroptila femoralis. Transverse section of hair. Diameter 


:0015 mm. to :0037 mm. 
Section through head. Width across eyes -55 mm. 
Diagrammatic figure representing about the natural size of 
H. femoralis. 
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